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Reaction Mechanisms

• We now delve into some practical kinetic 
reaction mechanisms.

• Such a mechanism specifies all species, all 
thermodynamic and transport properties, 
and all reactions and rates.

• We start with the simplest combustion 
system, the oxidation of hydrogen.



H2/O2 Combustion
• H2/O2 combustion chemistry is 

important
– H2/O2 mixture can be highly 

explosive
– H2/O2 combustion important in 

own right (rocket propulsion, low 
emission vehicles, fuel cells)

– H2/O2 reaction mechanism is the 
underpinning to virtually all 
hydrocarbon chemistry



• The global reaction is:

• Studied for over two centuries (Sir 
Humphry Davy).

• General behavior well established by the 
early twentieth century.

• The heat of combustion for this reaction is 
141,800 kJ/kg (HHV), which is two to three 
times that of other common fuels like 
gasoline.

H2 +
1
2
O2 → H2O



Li, Z. Zhao, A. Kazakov, F.L. 
Dryer, Int. J. Chem. Kin. 36 
(2004) 566-575.

Example of an 
H2/O2 reaction 
mechanism.



H2/O2 Explosion Behavior

Lewis and von Elbe,1961

HO2 +H2 +M →H2O2 +H +M
MOHOHMOH ++→+22

H2O2 Reaction Increase Chain Branching:

Radicals destroyed on 
vessel walls

MHOMOH +!→←++ 22

Three body recombination 
reactions increase

Result: Slow Combustion

Increased pressure: 
Wall diffusion inhibited

Result: 
Increased chain branching reactions and 

acceleration of reaction rate



Hierarchical Structure for Oxidation 
of Simple Hydrocarbon Fuels

C2 Species

C2H6 – C2H4 – C2H2

CH2O

CO

H2-O2

C2H5OH
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C3 and Higher 
Hydrocarbon Species

C3+ Furans, Alcohols, Aldehydes, 
Ketones, Ethers, Esters, and Acids

CH4



• Alkanes - Single bonds
• Alkenes - Double bonds involved
• Alkynes - Triple bonds involved
• Arines (Aromatic compounds) - Rings

Hydrocarbon 
Compounds

CCCCCC
Ethane Ethene Ethyne

(Acetylene)

Benzene



Types of Reactions
• Hydrogen Abstraction

• Beta Scission (means breaking between 2nd

and 3rd carbons.

• Unimolecular



Example
• GRIMech_3.0

– Designed for natural gas combustion
– 53 species, 325 reactions



Sources of Major Mechanisms
• GRI Mech

– http://combustion.berkeley.edu/gri-mech/version30/text30.html

• LLNL 
– https://combustion.llnl.gov

• NIST
– http://kinetics.nist.gov

• Cal Tech Site
– https://www.theforce.caltech.edu//CaltechMech/

• CRECK
– http://creckmodeling.chem.polimi.it

• Plus many more.

http://combustion.berkeley.edu/gri-mech/version30/text30.html
https://www.theforce.caltech.edu/CaltechMech/
http://creckmodeling.chem.polimi.it/

